CUTTING TOOL SAFETY SYSTEM 
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No. 60/225,057, filed August 14, 2000, Serial No. 60/225,058, filed August 14, 2000, 
Serial No. 60/225,059, filed August 14, 2000, Serial No. 60/225,089, filed 
August 14, 2000, Serial No. 60/225,094, filed August 14, 2000, Serial No. 60/225,169, 
filed August 14, 2000, Serial No. 60/225,170, filed August 14, 2000, Serial 
No. 60/225,200, filed August 14, 2000, Serial No. 60/225,201, filed August 14, 2000, 
Serial No. 60/225,206, filed August 14, 2000, Serial No. 60/225,210, filed 
August 14, 2000, Serial No. 60/225,211, filed August 14, 2000, and Serial 
No. 60/225,212, filed August 14, 2000. 

Field 

The present invention relates to safety systems for cutting equipment, and more 
particularly to a system for reducing injury in the event of contact between a user and a 
cutting tool. 

Background 

Many types of cutting machinery present a risk of injury because a user may 
accidentally contact the cutting tool during operation. For instance, every year, many 
thousands of people suffer amputation of one or more fingers while operating table saws. 
Various systems have been proposed to address this danger. For instance, U.S. Patent No. 
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5,081,406 describes a system designed to detect dangerous proximity and trigger the shut 
down of a piece of equipment to avoid injury. 

As another example, U.S. Patent No. 3,858,095 describes a system that is 
purportedly able to stop a band blade on a band cutter machine used in the textile industry 
5 in about 1/200* of a second in the event contact between a user and the cutting blade is 
detected. However, it seems unlikely that the system set forth in the 4 095 patent could 
have worked to stop the blade in the time specified. In particular, assuming two 20-cm 
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Ci radiuses, 2-kg band wheels, the torque required to stop the wheels alone in l/200th of a 

iff 

second is over 1000 N/M. The braking action is described as being provided by the 
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UK) winding of the drive motor and an electromagnetic brake. However, the motor for a band 
■ saw with 20-cm wheels might be a few horsepower at most, while supplying sufficient 

p! torque to slow just the wheels would require about 60hp of power. In addition, the 
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O armature of a motor of a few horsepower would most probably have inertia greater than 
the wheels. Therefore, the motor would not even be able to stop itself in 1/200* of a 

15 second, let alone the wheels of the band saw. The electromagnetic brake would be of 
little more help. By way of example, a Stearns SM-250 electromagnetic clutch/brake that 
sells for almost $1000, can only provide about 200N/M of stopping torque. Therefore, 
even with the combination of the motor and an expensive electromagnetic brake, the 
system of the '095 patent would not appear to stop the blade in 1/200* of a second. 

20 Moreover, the system of the 4 095 patent relies on switching of relays to control actuation 
of the brake and motor. However, relays normally take 5-15 milliseconds to operate, so it 
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is unlikely the electromagnetic brake or the motor braking could even be engaged within 
1/200* of a second, let alone stop the blade. 

As another example, U.S. Patent No. 3,785,230 to Lokey describes a system for 
use on a hand-held circular saw for stopping the blade in the event a user's hand comes in 
dangerous proximity to the blade. This system uses a solenoid to shift a pair of cams into 
contact with opposed points on the side of the blade. 

Due to the deficiencies with existing brake systems, it would be desirable to have 
a safety system that could be actuated quickly to protect a user against injury from a 
cutter. 

Brief Description of the Drawings 

Fig. 1 is a schematic block diagram of a machine with a fast-acting safety system 
according to the present invention. 

Fig. 2 is a schematic diagram of an exemplary safety system in the context of a 
machine having a circular blade. 

Fig. 3 is a breakaway side elevation view of a reaction system according to the 
present invention. 

Fig. 4 is a schematic view of an alternative reaction system according to the 
present invention. 

Fig. 5 is a cross-sectional view along lines 5-5 of Fig. 4 of a band forming part of 
the reaction system of Fig. 4. 

Fig. 6 is a top elevation view of a hook on the end of the band of Fig 5. 

Fig. 7 is a schematic view of an alternative reaction system for obstructing a blade. 



Fig. 8 is a schematic view of an alternative reaction system that breaks the teeth of 
a blade. 

Fig. 9 is a top view of an alternative reaction system that wraps a cutting tool. 
Fig. 10 shows a covering used in the reaction system of Fig. 9. 

Detailed Description 

A machine that may incorporate a cutting tool safety system according to the 
present invention is shown schematically in Fig. 1 and indicated generally at 10. Machine 
~= j 10 may be any of a variety of different machines adapted for cutting workpieces, such as 
wood, including a table saw, miter saw (chop saw), radial arm saw, circular saw, band 
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fib saw, jointer, planer, etc. Machine 10 includes an operative structure 12 having a cutting 



!L tool 14 and a motor assembly 16 adapted to drive the cutting tool. Machine 10 also 
OD 

M, includes a safety system 18 configured to minimize the potential of a serious injury to a 

U i . 
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p person using machine 10. Safety system 18 is adapted to detect the occurrence of one or 
more dangerous conditions during use of machine 10. If such a dangerous condition is 

15 detected, safety system 18 is adapted to engage operative structure 12 to limit any injury 
to the user caused by the dangerous condition. 

Machine 10 also includes a suitable power source 20 to provide power to operative 
structure 12 and safety system 18. Power source 20 may be an external power source 
such as line current, or an internal power source such as a battery. Alternatively, power 

20 source 20 may include a combination of both external and internal power sources. 
Furthermore, power source 20 may include two or more separate power sources, each 
adapted to power different portions of machine 10. 



It will be appreciated that operative structure 12 may take any one of many 
different forms, depending on the type of machine 10. For example, operative structure 
12 may include a stationary housing configured to support motor assembly 16 in driving 
engagement with cutting tool 14. Alternatively, operative structure 12 may include a 
movable structure configured to carry cutting tool 14 between multiple operating 
positions. As a further alternative, operative structure 12 may include one or more 
transport mechanisms adapted to convey a workpiece toward and/or away from cutting 
tool 14. 

Motor assembly 16 includes one or more motors adapted to drive cutting tool 14. 
The motors may be either directly or indirectly coupled to the cutting tool, and may also 
be adapted to drive workpiece transport mechanisms. Cutting tool 14 typically includes 
one or more blades or other suitable cutting implements that are adapted to cut or remove 
portions from the workpieces. The particular form of cutting tool 14 will vary depending 
upon the various embodiments of machine 10. For example, in table saws, miter saws, 
circular saws and radial arm saws, cutting tool 14 will typically include one or more 
circular rotating blades having a plurality of teeth disposed along the perimetrical edge of 
the blade. For a jointer or planer, the cutting tool typically includes a plurality of radially 
spaced-apart blades. For a band saw, the cutting tool includes an elongate, circuitous 
tooth-edged band. 

Safety system 18 includes a detection subsystem 22, a reaction subsystem 24 and a 
control subsystem 26. Control subsystem 26 may be adapted to receive inputs from a 
variety of sources including detection subsystem 22, reaction subsystem 24, operative 



structure 12 and motor assembly 16. The control subsystem may also include one or 
more sensors adapted to monitor selected parameters of machine 10. In addition, control 
subsystem 26 typically includes one or more instruments operable by a user to control the 
machine. The control subsystem is configured to control machine 10 in response to the 
5 inputs it receives. 

Detection subsystem 22 is configured to detect one or more dangerous, or 
triggering, conditions during use of machine 10. For example, the detection subsystem 
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£ j may be configured to detect that a portion of the user's body is dangerously close to, or in 

l U. contact with, a portion of cutting tool 14. As another example, the detection subsystem 
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fUO may be configured to detect the rapid movement of a workpiece due to kickback by the 
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JL cutting tool, as is described in U.S. Provisional Patent Application Serial No. 60/182,866, 

m 

filed February 16, 2000, the disclosure of which is herein incorporated by reference. In 
O some embodiments, detection subsystem 22 may inform control subsystem 26 of the 
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dangerous condition, which then activates reaction subsystem 24. In other embodiments, 
15 the detection subsystem may be adapted to activate the reaction subsystem directly. 

Once activated in respbnse to a dangerous condition, reaction subsystem 24 is 
configured to engage operative structure 12 quickly to prevent serious injury to the user. 
It will be appreciated that the particular action to be taken by reaction subsystem 24 will 
vary depending on the type of machine 10 atid/or the dangerous condition that is 
20 detected. For example, reaction subsystem 24 may be amfigured to do one or more of the 
following: stop the movement of cutting tool 14, disconnect motor assembly 16 from 
power source 20, place a barrier between the cutting tool anaNtfie user, or retract the 
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cutting tool from its operating position, etc. The reaction subsystem may be configured to 
take a combination of steps tbsprotect the user from serious injury. Placement of a barrier 
between the cutting tool and teetnis described in more detail below. Retraction of the 
cutting tool from its operating position l^sdescribed in more detail in U.S. Provisional 
Patent Application Serial No. 60/225,089, filrikAugust 14, 2000, entitled "Retraction 

System For Use In Power Equipment," and U.S. PatentsApplication Serial No. , filed 

August 13, 2001, entitled "Retraction System For Use In^ Power Equipment," the 
disclosures of which are herein incorporated by reference. 
'J! The configuration of reaction subsystem 24 typically will vary depending on 

ffp which action(s) are taken. In the exemplary embodiment depicted in Fig. 1, reaction 
subsystem 24 is configured to stop the movement of cutting tool 14 and includes a brake 
pj mechanism 28, a biasing mechanism 30, a restraining mechanism 32, and a release 
S mechanism 34. Brake mechanism 28 is adapted to engage operative structure 12 under 

hah 

the urging of biasing mechanism 30. During normal operation of machine 10, restraining 
15 mechanism 32 holds the brake mechanism out of engagement with the operative 
structure. However, upon receipt of an activation signal by reaction subsystem 24, the 
brake mechanism is released from the restraining mechanism by release mechanism 34, 
whereupon, the brake mechanism quickly engages at least a portion of the operative 
structure to bring the cutting tool to a stop. 
2QI>^ v o^> It will be appreciated by those^af skill in the art that the exemplary embodiment 



depicted in Fig. 1 and described above m^v be implemented in a variety of ways 
depending on the type and configuration of operative structure 12. Turning attention to 



Fig. 2, ohe example of the many possible implementations of safety system 18 is shown. 
System 18 is\configured to engage an operative structure having a cutting tool in the form 
of a circular bikde 40 mounted on a rotating shaft or arbor 42. Blade 40 includes a 
plurality of cutting\teeth (not shown) disposed around the outer edge of the blade. As 
described in more detail below, braking mechanism 28 is adapted to engage the teeth of 
blade 40 and stop the rotation of the blade. U.S. Provisional Patent Application Serial 
No. 60/225,210, filed August 14, 2000, entitled 'Translation Stop For Use In Power 

Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, entitled 

'Translation Stop For Use In Power Equipment," the disclosures of which are herein 
rib incorporated by reference, describe other systems for stopping the movement of the 
cutting tool. U.S. Provisional PatenY Application Serial No. 60/225,058, filed 

H> August 14, 2000, entitled 'Table Saw With Improved Safety System U.S. Patent 
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O Application Serial No. , filed August 13, 2001, entitled 'Table Saw With Improved 

Safety System," U.S. Provisional Patent Application Serial No. 60/225,057, filed 

15 August 14, 2000, entitled "Miter Saw With Improve*! Safety System," and U.S. Patent 

Application Serial No. , filed August 13, 2001, entitled "Miter Saw With Improved 

Safety System," the disclosures of which are herein incorporated by reference, describe 
safety system 18 in the context of particular types of machines 

In the exemplary implementation, detection subsystem 22 is adapted to detect the 

20 dangerous condition of the user coming into contact with bladev 40. The detection 
subsystem includes a sensor assembly, such as contact detection plates 44 and 46, 
capacitively coupled to blade 40 to detect any contact between the user'svbody and the 
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blade. Typically, the blade, or some larger portion of cutting tool 14 is electrically 
isolated from the remainder of machine 10. Alternatively, detection subsystem 22 may 
include a different\sensor assembly configured to detect contact in other ways, such as 
optically, resistively\tc. In any event, the detection subsystem is adapted to transmit a 
signal to control subsystimi 26 when contact between the user and the blade is detected. 
Various exemplary embodiments and implementations of detection subsystem 22 are 
described in more detail in LRS. Provisional Patent Application Serial No. 60/225,200, 
filed August 14, 2000, entitled "Contact Detection System For Power Equipment," U.S. 

Patent Application Serial No. , filed August 13, 2001, entitled "Detection System For 

Power Equipment," U.S. Provisional\Patent Application Serial No. 60/225,211, filed 
August 14, 2000, entitled "Apparatus And Method For Detecting Dangerous Conditions 

In Power Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, 

entitled "Apparatus And Method For Detecting Dangerous Conditions In Power 
Equipment," the disclosures of which are herein incorporated by reference. 

Control subsystem 26 includes one or more Instruments 48 that are operable by a 
user to control the motion of blade 40. Instruments 48 may include start/stop switches, 
speed controls, direction controls, etc. Control subsystem 26 also includes a logic 
controller 50 connected to receive the user's inputs via insmiments 48. Logic controller 
50 is also connected to receive a contact detection signal from detection subsystem 22. 
Further, the logic controller may be configured to receive inputs Vrom other sources (not 
shown) such as blade motion sensors, workpiece sensors, etc. InNany event, the logic 
controller is configured to control operative structure 12 in response tfo the user's inputs 



through instruments\48. However, upon receipt of a contact detection signal from 
detection subsystem 22, tte logic controller overrides the control inputs from the user and 
activates reaction subsystem\24 to stop the motion of the blade. Various exemplary 
embodiments and implementations of control subsystem 26 are described in more detail 
5 in U.S. Provisional Patent Application Serial No. 60/225,059, filed August 14, 2000, 
entitled "Logic Control For Fast-Acting Safety System," U.S. Patent Application Serial 

No. , filed August 13, 2001, entitled "Log\control For Fast-Acting Safety System " 

f-. \ 

^ U.S. Provisional Patent Application Serial NoN60/225,094, filed August 14, 2000, 

nj . 

^ i entitled "Motion Detecting System For Use In Safety System For Power Equipment," and 

fib U.S. Patent Application Serial No. , filed August 13, 20\l, entitled "Motion Detecting 

jU System For Use In A Safety System For Power Equipment," tite disclosures of which are 

ft?l 
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H' herein incorporated by reference. 
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In the exemplary implementation, brake mechanism 28 includes a pawl 60 
mounted adjacent the edge of blade 40 and selectively moveable to engage and grip the 
15 teeth of the blade. Pawl 60 may be constructed of any suitable material adapted to engage 
and stop the blade. As one example, the pawl may be constructed of a relatively high 
strength thermoplastic material such as polycarbonate, ultrahigh molecular weight 
polyethylene (UHMW) or Acrylonitrile Butadiene Styrene (ABS), etc., or a metal such as 
aluminum, etc. It will be appreciated that the construction of pawl 60 will vary depending 
20 on the configuration of blade 40. In any event, the pawl is urged into the blade by a 
biasing mechanism in the form of a spring 66. In the illustrative embodiment shown in 
Fig. 2, pawl 60 is pivoted into the teeth of blade 40. It should be understood that sliding 
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or rotary movement of pawl 60 might also be used. The spring is adapted to urge pawl 60 
into the teeth of the blade with sufficient force to grip the blade and quickly bring it to a 
stop. 

The pawl is held away from the edge of the blade by a restraining mechanism in 
5 the form of a fusible member 70. The fusible member is constructed of a suitable material 
adapted to restrain the pawl against the bias of spring 66, and also adapted to melt under a 
determined electrical current density. Examples of suitable materials for fusible member 

J 

70 include NiChrome wire, stainless steel wire, etc. The fusible member is connected 
between the pawl and a contact mount 72. Preferably, fusible member 70 holds the pawl 



w 

W0 relatively close to the edge of the blade to reduce the distance the pawl must travel to 



a 



engage the blade. Positioning the pawl relatively close to the edge of the blade reduces 



the time required for the pawl to engage and stop the blade. Typically, the pawl is held 

W 

m approximately 1/32-inch to 1/4-inch from the edge of the blade by fusible member 70, 



however other pawl-to-blade spacings may also be used within the scope of the invention. 

I^wb o^> Pawl 60 is released from its unactuated, or cocked, position to engage blade 40 by 
a release mechanism in the form oKa firing subsystem 76. The firing subsystem is 
coupled to contact mount 72, and is configured to melt fusible member 70 by passing a 
surge of electrical current through the fusible member. Firing subsystem 76 is coupled to 
logic controller 50 and activated by a signal from the^logic controller. When the logic 

20 controller receives a contact detection signal from detection subsystem 22, the logic 
controller sends an activation signal to firing subsystem 76, \yhich melts fusible member 
70, thereby releasing the pawl to stop the blade. Various exemplary embodiments and 
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implementations of reaction subsystem 24 are described in more detail in U.S. 
Provisional Patent Application Serial No. 60/225,056, filed August 14, 2000, entitled 
"Firing Subsystem^ For Use In A Fast-Acting Safety System," U.S. Patent Application 
Serial No. , filed\August 13, 2001, entitled "Firing Subsystem For Use In A Fast- 
Acting Safety System," ULS. Provisional Patent Application Serial No. 60/225,170, filed 
August 14, 2000, entitled "Spring-Biased Brake Mechanism for Power Equipment," U.S. 
Patent Application Serial No. \ . filed August 13, 2001, entitled "Spring-Biased Brake 
Mechanism For Power Equipment" U.S. Provisional Patent Application Serial No. 
60/225,169, filed August 14, 2000, entitled "Brake Mechanism For Power Equipment," 
np and U.S. Patent Application Serial No. \_, filed August 13, 2001, entitled "Brake 
Mechanism For Power Equipment," the disclosures of which are herein incorporated 
by reference. 
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y It will be appreciated that activation of the\brake mechanism will require the 

replacement of one or more portions of safety sy sterol 8. For example, pawl 60 and 

15 fusible member 70 typically must be replaced before the safety system is ready to be used 
again. Thus, it may be desirable to construct one or more portions of safety system 18 in 
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a cartridge, that can be easily replaced. For example, in the exemplary implementation 
depicted in Fig. 2, safety system 18 includes a replaceable cartridge\80 having a housing 
82. Pawl 60, spring 66, fusible member 70 and contact mount 72 are all mounted within 
20 housing 82. Alternatively, other portions of safety system 18 may be mouWd within the 
housing. In any event, after the reaction system has been activated, the safetyssystem can 
be reset by replacing cartridge 80. The portions of safety system 18 not mounted within 
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the cartridge may be replaced separately or reused as appropriate. Various exemplary 
embodiments and implementations of a safety system using a replaceable cartridge are 
described in more detail in U.SNfrovisional Patent Application Serial No. 60/225,201, 
filed August 14, 2000, entitled "Replaceable Brake Mechanism For Power Equipment," 

U.S. Patent Application Serial No. , filed August 13, 2001, entitled "Replaceable 

Brake Mechanism For Power Equipment," U.SXProvisional Patent Application Serial 
No. 60/225,212, filed August 14, 2000, entitled "Brake Positioning System," and U.S. 

Patent Application Serial No. , filed August 13, 200l>ventitled "Brake Positioning 

System," the disclosures of which are herein incorporated by reference. 

While one particular implementation of safety system 18 has been described, it 
will be appreciated that many variations and modifications are possible within the scope 
of the invention. Many such variations and modifications are described in U.S. 
Provisional Patent Application Serial No. 60/182,866, filed February 16, 2000, and U.S. 
Provisional Patent Application Serial No. 60/157,340, filed October 1, 1999, the 
disclosures of which are herein incorporated by reference. 

Fig. 3 illustrates one embodiment of a reaction system adapted to disable the 
dangerous portions of a cutting tool. In the embodiment of Fig. 3, the cutting tool is a 
generally cylindrical cutting head having one or more elongate blades mounted on the 
outer surface of the cutting head. Such cutters are used in jointers, such as jointer 1200, 
and planers. In operation, the cutting head is rotated about its cylindrical axis. When a 
workpiece is passed across the cutting head, the blades make wide cuts into the adjacent 
surface of the workpiece. As with machines using circular blades described above, 

13 



machines using cylindrical cutting heads may also cause severe injury if the blades come 
into contact with the user's body during operation. The reaction subsystem of Fig. 3, 
indicated at 24, is designed to prevent or minimize such injury. For clarity, many of the 
components of safety system 18 are not shown in Fig. 3 since they are similar to the 
components described above in the context of other cutting machines described in the 
applications incorporated by reference above. 

Jointer 1200 includes a generally cylindrical cutterhead 1202 mounted to rotate on 
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an arbor 1204. The arbor typically is mounted in one or more bearing assemblies (not 
yjjj shown) and rotationally driven by a motor assembly (not shown), which is coupled to the 

i £ ; 
: 

M arbor either directly or by a belt-and-pulley system. The cutterhead is mounted in a main 

yTi 

^ frame assembly 1206 to extend upward in the space between infeed table 1208 and 

p, outfeed table 1210. A workpiece is cut by sliding it along infeed table 1208, past the 

hi 

p cutterhead and onto outfeed table 1210. Typically, the vertical positions of the infeed and 
outfeed tables are independently adjustable to control the depth of cut into a workpiece 

15 and alignment with the upper surface of the cutterhead. 

^> Th e cutterhead is usually constructed of metal, such as steel, and typically includes 
three knife blades 1212 mounte^to extend above the surface of the cutterhead. It will be 
appreciated that fewer or more knif^Wades may be used and that the utility of safety 
system 18 is not limited by the number ofU blades on cutterhead 1202. One or more 

20 electrically non-conductive bushings 1214 are placed between the cutterhead and arbor to 
insulate the cutterhead and blades from frame 1206. Clmrge plates 44 and 46 may be 
placed adjacent the cutterhead to couple the signal generated^ detection subsystem 22 

14 



across the cutterhead. In Fig. 3, the charge plates (shown in dashed lines) are mounted 
adjacent one flat end of the cutterhead. Alternatively, the arbor may be insulated from the 
frame and the charge plates may be positioned around the arbor as described above in 
U.S. Provisional Patent Application Serial No. 60/225,211, filed August 14, 2000, 
5 entitled "Apparatus And Method For Detecting Dangerous Conditions In Power 

Equipment," and U.S. Patent Application Serial No. , filed August 13, 2001, entitled 

"Apparatus And Method For Detecting Dangerous Conditions In Power Equipment," 

O 

•SJZ' 

f ; which are incorporated herein by reference. 

ny 

yji Due to the relatively few blades, first contact between the user's body and the 

PS i 

116 cutterhead may be on one of the blades or on the surface of the cutterhead itself. 

on 

p However, the blades and cutterhead are electrically coupled so that any contact with the 

M= user's body is detected regardless of whether or not it occurs on the blades. Once contact 

W 

O is detected, the reaction system is actuated to quickly stop the rotation of cutterhead 1202 
and/or disable the blades. 

15 In the embodiment depicted in Fig. 3, safety system 18 includes a reaction system 

24 configured to cover the blades to prevent them from causing injury to the user. 
Specifically, the reaction system of Fig. 3 includes a flexible sheet 1220 such as plastic, 
rubber, metal foil, metal sheet, metal mesh, fabric, etc., configured to cover the blades. A 
particularly preferred material is stainless steel sheet 0.005-0.050 inches thick. Sheet 

20 1220 includes a hook 1222 disposed at one end to engage any of the blades 1212. The 
hook is preferably formed integrally with the sheet in the form of a short fold shaped to 
catch on a blade. Alternatively, the hook may be separate and joined to the sheet. When 
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hook 1222 is pushed against cutterhead 1202, the next passing blade catches the hook, 
causing sheet 1220 to wrap around the cutterhead as it rotates. Thus, the blades are 
covered by sheet 1220, which protects the user from serious injury. Typically, the outer 
surface of hook 1222 is rounded or beveled to prevent injury to the user when the hook is 
pulled around the cutterhead. 

The sheet preferably extends across the entire width of the cutterhead and is 
preferably longer than two-thirds of the circumference of the cutterhead to allow it to 



& j cover all three blades simultaneously. More preferably, the sheet should be longer than 



the circumference of the cutterhead to wrap more than once around the head. The sheet is 



m 

PLO typically formed with an inward curl. The curl reduces the tendency of the sheet to spring 



!L away from the cutter head. The free end of the sheet is stored around a spool 1224. The 

Si 

spool may include a torsion spring or other device to limit the number of rotations the 



spool can undergo, thereby pulling the cutterhead to a stop. Alternatively, the end of 
material 1220 opposite the hook may be anchored to stop the cutterhead before it makes a 
15 full rotation. Additionally or alternatively, the jointer motor assembly may be shut off to 
stop rotation of the cutterhead. 

The hook is moved into contact with the cutterhead by being mounted to the front 
of a drive plate 1226 or other high speed actuator assembly. The hook may be spot 
welded or adhesively attached to the plate, secured thereto with soft rivets, or may be 
20 provided with several holes through which protrusions on the plate can be pushed. The 
attachment needs to hold the hook securely during normal use, while allowing it to split 
away when caught by a blade. The drive plate is preferably substantially as wide as the 
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hook to provide sufficient rigidity to insure that the entire hook engages a blade 
simultaneously. 

0^> Figs. 4-6 illustrate an alternative blade covering system for a machine using a 
circular blade. The reabiion system of Fig. 4 includes a band 1230 of flexible material 
5 that is used to wrap arouncrthe teeth of blade 40. Band 1230 includes a loop 1232 formed 
at the leading end. The loop is^hooked around a pair of torsion springs 1234 and held in 

place by a guide structure (not shown) secured to the frame of the saw. The springs are 

n \ 1 

Ci held in a cocked position by a fast-acting release system (not shown), such as described 
J above and in U.S. Provisional Patent Application Serial No. 60/225,056, filed 

& ! \ 

w \ 

f%0 August 14, 2000, entitled "Firing SubsystemTor Use In A Fast-Acting Safety System," 

on \ 

U.S. Patent Application Serial No. , filed August 13, 2001, entitled "Firing Subsystem 

□ \ 

For Use In A Fast-Acting Safety System," U.S. Provisional Patent Application Serial 

W \ 

Q No. 60/225,170, filed August 14, 2000, entitled "Spririg-Biased Brake Mechanism For 
Power Equipment," and U.S. Patent Application Serial NoK filed August 13, 2001, 

15 entitled "Spring-Biased Brake Mechanism For Power ^Equipment," which are 
incorporated herein by reference. When the springs are released, they pull loop 1232 
down into a gullet 1236 of blade 40. The gullet captures the leading edge of the loop and 
pulls the loop off of the springs and drags the band forward as illustrated by the dashed 
lines in Fig. 4. The width of the loop forms a shock absorbing structure to absorb some of 

20 the impact of the gullet catching the loop. It is also possible to provide a compressible 
material at the leading end of the loop as a shock absorbing system to reduce impact 
loading. \ 
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The trailing section of the band is shaped to fold over the teeth of the blade, as 
shown in Fig. 5. The trailing section of the band is stored on a spool 1238. The C-shape 
of the band flattens out when the band is wound on the spool. The band is preferably 
formed of a spring-temper material to return to an unbiased C-shape when curved to 
match the perimeter of the blade, such as spring temper stainless steel of 0.005 to 0.050 
thickness. 

qJd> The leading ehd of the band is preferably positioned as close as possible to the 
location where the blade emerges from the guard or housing on the saw. This insures that 
the band will reach the locatW of the user as soon as possible to minimize injury. The 
motor of the saw will preferably d&j disengaged as soon as the reaction system is actuated. 
In addition, the reaction system of Fi^s. 4-6 is also preferably used in connection with 
translation stopping systems such as described in U.S. Provisional Patent Application 
Serial No. 60/225,210, filed August 14, 200& entitled "Translation Stop For Use In 

Power Equipment," and U.S. Patent Application Sbrial No. , filed August 13, 2001, 

entitled 'Translation Stop For Use In Power EquipmehL" or retraction systems such as 
shown in U.S. Provisional Patent Application Serhd No. 60/225,089, filed 
August 14, 2000, entitled "Retraction System For Use In Pow&r Equipment," and U.S. 

Patent Application Serial No. , filed August 13, 2001, entitled "Kfettaction System For 

Use In Power Equipment," which are incorporated herein by reference, to further 

minimize injury. \ 

Fig. 7 illustrates another alternative reaction system in which the cutter is 
obstructed upon actuation of the reaction system. In particular, a pawl 1240 is pushed into 
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contact with the teeth of blade 40 upon actuation of the reaction system. The pawl is 
preferably formed from a plastic material, such as polycarbonate, that forms curls 1242 in 
gullets 1236 between the teeth upon being cut by the teeth. The curls block the sharp 
edges of the teeth to prevent the teeth from cutting into a user. The pawl may also be 
constructed from material softer than polycarbonate, such as ultra-high molecular weight 
polyethylene (UHMWPE) to reduce the braking effect on the blade as the curls are 
formed. The blade should preferably have gullets that are shaped with relatively parallel 
sides to minimize the tendency of the curls to slip out. As with the band system described 
above, it is preferable that the pawl be located as close as possible to where the blade 
emerges from the guard or housing to minimize the number of unblocked teeth to which 
the user is exposed. Of course, the same principle can be applied to other cutters, such as 
a jointer or shaper, with appropriate modification. 

Fig. 8 illustrates another alternative reaction system in which the teeth on the 
cutter are broken or shifted. A pawl 1244 is provided to selectively engage the teeth of 
blade 40. The pawl is formed of a material hard enough to dislodge or break the carbide 
inserts 1246 on the teeth upon contact. Suitable materials would include carbide and 
hardened steel. The pawl is actuated by the mechanism described above for brake pawl 
60. When actuated, the pawl shifts into the path of the teeth of the blade, as illustrated in 
Fig. 8. The pawl shifts into contact with a brace structure 1248 adapted and positioned to 
support the pawl against the teeth. Brace structure may be in any suitable form including 
a pin, post, bracket, etc. In any event, the carbide inserts are shattered by the impact from 
striking the pawl. This reaction system is preferably used in conjunction with translation 
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stopping systems or retraction systems, and serves primarily to generate sufficient user- 
to-blade clearance to give the translation or retraction system more time to operate. 

Figs. 9 and 10 illustrate another embodiment of a reaction system in which a 
cutting tool is wrapped with a covering. A shaper is shown at 1260 with a work surface 
1262, a fence 1264 and a cutting head 1266. A workpiece is slid on the work surface and 
along the fence past the cutting tool. The cutting tool shapes the workpiece at is moves 
past. The safety system on shaper 1260 includes a pair of vertically spaced shafts 1268 
that pivot around pin 1270. Shafts 1268 are biased toward cutting head 1266 by spring 
66, as explained above in connection with other embodiments. A fusible member 70 
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iM) restrains shafts 1268 from pivoting toward the cutting head. A covering 1272, which 
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takes the form of a sheet of material, is mounted between the two shafts as shown in Fig. 
H' 10. The covering is mounted to the shafts by pockets 1274 and 1276 formed in the 
material. The shafts are slipped into the pockets so that the covering spans the area 
between the shafts. The pockets extend along the upper and lower edges of the covering 
15 on the end of the covering adjacent the shafts. The covering extends away from the shafts 
and is wound on a spool 1278. When the system detects accidental contact with cutting 
head 1266, as described above in connection with other embodiments, fusible member 70 
is burned and shafts 1268 are released to pivot toward the cutting head because of spring 
66. When shafts 1268 move toward the cutting head, the covering contacts the cutting 
20 head and the cutting head catches on or bites into the covering and pulls the covering off 
of shafts 1268 and off of spindle 1278 until the covering has wrapped the cutting head. 
The covering can be any material sufficiently strong to absorb the sudden acceleration 
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when caught on the cutting head, and sufficiently pliable to catch on the cutting head and 
wrap around it. Possible materials include Kevlar fabric, stainless steel mesh, natural or 
synthetic fabrics, etc. The covering may be used in connection with an internal brake to 
more rapidly slow the cutting head or the power to the motor may be disengaged to stop 
5 the cutting head. 

The various embodiments described above for covering, blocking or disabling the 
cutter are particularly suitable for use on relatively light machinery, such as portable 
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* circular saws and miter saws, or on machinery with relatively heavy cutters such as 
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[g jointers, shapers and planers. 

IM) Industrial Applicability 
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The present invention is applicable to power equipment, and specifically to 
M, woodworking equipment such as table saws, miter saws, band saws, circular saws, 
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P jointers, etc. 

ESS: 
c 

It is believed that the disclosure set forth above encompasses multiple distinct 
15 inventions with independent utility. While each of these inventions has been disclosed in 
its preferred form, the specific embodiments thereof as disclosed and illustrated herein 
are not to be considered in a limiting sense as numerous variations are possible. The 
subject matter of the inventions includes all novel and non-obvious combinations and 
subcombinations of the various elements, features, functions and/or properties disclosed 
20 herein. No single feature, function, element or property of the disclosed embodiments is 
essential to all of the disclosed inventions. Similarly, where the claims recite "a" or "a 
first" element or the equivalent thereof, such claims should be understood to include 
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incorporation of one or more such elements, neither requiring nor excluding two or more 
such elements. 

It is believed that the following claims particularly point out certain combinations 
and subcombinations that are directed to one of the disclosed inventions and are novel 
and non-obvious. Inventions embodied in other combinations and subcombinations of 
features, functions, elements and/or properties may be claimed through amendment of the 
present claims or presentation of new claims in this or a related application. Such 
amended or new claims, whether they are directed to a different invention or directed to 
the same invention, whether different, broader, narrower or equal in scope to the original 
claims, are also regarded as included within the subject matter of the inventions of the 
present disclosure. 
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